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Subsea compressor module and a method for controlling the pressure in 
such a subsea con^ressor module 

The present invention relates to subsea compressor modules for compressing hydro- 
carbon gases in a wellstream, and more specifically to a subsea compressor module 
comprising a pressure housing, a compressor and a motor separated by a sealiug 
element. 

Subsea compressors which are driven by electric motors, raise problems of keeping the 
gas-filled electrical motor as dry as possible, in order to avoid corrosion and other 
problems related to precipitation of hydrocarbon condensates and liquid water inside the 
motor. It is of particular importance to avoid presence of liquid water together with 
content of H2S or CO2 that can form acids and hence accelerated corrosion. These 
problems are addressed in Norwegian Patents NO 172075 and NO 173197, as well as 
Norwegian Patent AppUcation 20015199. 

Known subsea compressor modules employ regular oil lubricated bearings or similar. 
The inventor has explored the possibilities of employing magnetic bearings in such 
subsea compressor modules, as this will have several benefits particularly during 
operation. Magnetic bearings are more reliable and less expensive to operate. Of 
particular importance is that application of magnetic bearings eUminates lube oil, and 
therefore potential problems that can occur by: dilution of the lube oil by the 
hydrocarbon gases that it is in contact with, accumulation of hydrocarbon condensates 
or water in the lube oil or degradation of the lube oil over time due to its special 
application in subsea compressor modules. The problem encountered in employing non- 
caimed magnetic bearings in a subsea compressor module is in many respects similar to 
those associated with employing electric motors: both need a completely dry 
atmosphere in order to function properly over time. Canned magnetic bearings also exist 
or are imder development. It is claimed that these can operate in the imtreated 
wellstream hydrocarbon gas. There are, however, reasons to believe that it is 
advantageous for the long-term functionality and reliability also of this type of magnetic 
bearings if they are installed and operated in a dry atmosphere. 

It is therefore a need for a system and a method for insuring a completely or nearly 
completely dry enviroimient for the electric motor and for the magnetic bearings. 

The present invention meets the abovementioned need, in that it provides a subsea gas 
compressor module having a pressure housing, which comprises an electric motor and a 
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compressor, driveably connected by at least one shaft, said compressor and motor being 
mutually isolated by at least one seal, thereby dividing said pressure housing into a first 
and a second compartment comprising the compressor and motor respectively. The 
subsea gas compressor according to the invention is characterised in that said at least 
one shaft is supported by magnetic bearings, controlled by a control unit, wherein said 
bearings are placed inside the pressure housing of the compressor module. The 
electronics and electric components of the magnetic bearings are placed inside a 
separate pressure housing close to the compressor module. This pressure housing is 
filled by an inert gas, typically nitrogen, or an inert Uquid, and have an inside pressure 
in the range of one bar, or in the range that the electronic components can tolerate. 
There are a significant number of wires between the housing for the magnetic bearing 
electronics and the compressor module housing. These wires supplies the magnetic 
bearings with a controlled magnetization current, as well as transmits signals from 
sensors of the magnetic bearings to the control electronics in the pressure housing for 
the magnetic bearings electronics. Special penetrators through the walls of the pressure 
housings prevent ingress of seawater. The wires between the pressure housing of the 
electronics and the compressor module can either be connected with subsea mateable 
connectors, or can be connected dry. 

The subsea gas compressor according to the invention is furthermore comprising a 
sealing element, generally defining within said pressure housing a first compartment 
holding a compressor, and a second compartment holding an electric motor, said 
compressor and motor being driveably connected by at least one shaft; said first 
compartment being coimected to an inlet line and an outlet line for receiving gas and 
discharging gas, respectively; said inlet and outlet lines comprising respective valves for 
closing said lines. The subsea gas compressor according to the invention is 
characterised by magnetic bearings in said compartments for supporting said at least one 
shaft; a pressure and volume regulator fluidly connected to said second compartment 
and to a gas supply of dry hydrocarbon or inert gas (extraneous gas) and comprising 
means for sensing respective pressures in said inlet and outlet lines, whereby, based on 
the magnitude of said sensed pressure, the pressure and volimie regulator control the 
pressure at which gas from said supply is injected into said second compartment. 

The invention also comprises a method for controlling the pressure in a subsea 
compressor module, when the compressor is running, as described above said method 
being characterised by: 

a) compressing a wellstream gas being fed at a suction pressure into said 
compressor and said first compartment; 



wo 2005/003512 



PCT/NO2004/000201 



3 

b) discharging said gas from the first compartment at a discharge pressure; 

c) sensing said suction and discharge pressures respectively; 

d) injecting a dry or inert gas from a supply into said second compartment at an 
injection pressure, 

wherein said injection pressure is greater than said suction pressure and whereby fluid 
flow directly from said first compartment and into said second compartment is 
prevented. 

The invention comprises a method for controlUng the pressure in the subsea compressor 
module as described above, when said compressor is inactive and valves 7 and 9 are 
closed and 8 is open, and the method is characterised by: 

a) sensing a suction pressure in a suction line upstream of said first compartment, 

b) sensing a discharge pressure in a discharge line downstream of said first 
compartment, 

c) injecting a dry or inert gas from a supply into said second con^artment at an 
injection pressure, 

wherein said injection pressure is greater than said suction pressmre or said discharge 
pressure, whichever is the higher one, and whereby fluid flow directly from said first 
compartment and into said second compartment is prevented and ingress of wet gas and 
liquid from the natural gas line 1 1 into the compressor module is also prevented. 

An embodiment of the present invention will now be described in more detail, with 
reference to the companyitig drawings, where hke parts have been given like reference 
numbers. 

Figure 1 is a schematic of an embodiment the system according to the invention. 
Figure 2 is a schematic of a second embodiment of the system according to the 
invention. 

Figure 3 is a schematic of a further embodiment of the system according to the 
invention. 

Referring now to the drawings, in particular Figure 1, a schematic of the system 
according to the invention is disclosed. A pressure housing 3 contains an electric motor 
1, which is connected to a compressor 2 by means of one or more shafts 13. Both the 
motor and the compressor are equipped with magnetic bearings. Six bearings are 
necessary if the shaft 13 is coupled by a flexible coupling between the shaft of the 
conipressor and the motor, i.e. one thrust bearing and two radial bearings in each unit, 
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while only three bearings will be sufficient if the shaft 13 is a single shaft or the shafts 
of the compressor and motor are coupled by a stiff coupling, i.e. one thrust bearing and 
two radial bearings for the whole compressor module. The pressure housing intemal 
cavity is divided essentially into two compartments by means of a sealing element 14. 
This sealing element, or shaft seal, is commonly known in the art. The seal 14 thus 
essentially divides the intemal volume of the pressure housing into a first compartment 
holding the compressor 2 with magnetic bearings 12% and a second compartment 
holding the electric motor 1 with magnetic bearings 12. The necessary electronic 
components for controlling and monitoring the magnetic bearings are symbolised by 
reference numeral 16, which indicate a unit being connected to the magnetic bearings. 

Hydrocarbon (wellstream) gas at a suction pressure (ps) is fed into the first compartment 
via the line 11. The gas is being discharged from the compressor at a discharge pressure 
(Pd) when the valve 9 is open during operation. During operation, when the compressor 
2 is compressing the wellstream gas, valve 8 is closed, while valves 7 and 9 are open. 
Hydrocarbon gas is thus flowed and compressed in a regular fashion. As mentioned 
previously, it is of great importance that the second compartment, holding the motor 1, 
comprises a dry and corrosion free environment. A gas line is therefore connected to a 
gas supply 10 for injecting gas from this supply into the second compartment. This 
injection of gas at pi into the second compartment is facilitated by the pressure and 
volume regulator 4. The pressure and volume regulator 4 controls the injection pressure 
based on the sensed suction and discharge pressures through sensing lines 5 and 6 
respectively. In order to prevent hydrocarbon gas from ingressing from the first 
compartment and into the second compartment during operation, the pressure and 
volume regulator ensures that pi always is greater than the suction pressure. During a 
shut-down or inactive situation, valves 7 and 9 are closed off, while valve 8 is open. In 
certain transient states, the discharge pressure may be less than the suction pressure. 
Hence, the pressure and volume regulator 4 must adjust the injection gas pressure (pi) 
such that the injection gas pressure is greater that the suction pressure or the discharge 
pressure, which ever is the higher. Because the valves 7 and 9 are closed when the 
compressor is not operating, the pressure inside the whole module 3 will be equalised to 
the injection pressure (pi), and hence is prevented ingress of wet gas or liquids from the 
line 1 1 into the compressor module 3 which in particular protects the motor and the 
bearings. 

Figure 2 discloses in principle the same system as Figure 1, but the system now has an 
alternative soxurce of dry injection gas. In Figure 2, the inert gas from the supply 10 
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may, when the compressor is running, be replaced by hydrocarbon gas extracted from 
the compressor outlet or from an intermediate stage, cooled in the heat exchanger 60, 
choked in a Joule-Thomson valve 70 prior to entering a scrubber 80. This system and 
method is disclosed in the Norwegian Patent AppUcation 20015199. Li this 
configuration valve 83 is shut off while valve 82 is open when the compressor is 
ruxming. Reference nmneral 81 identifies a conventional scrubber discharge line that 
typically feeds the collected liquid that also may contain particles, back to the suction 
side, while reference nxmieral 120 indicates an injection line for a hydrate inhibitor 
(optional). 

When the compressor is shut down or inactive, valve 82 is closed, while valve 83 is 
open, and the injection gas is from reservoir 10 and injection pressure pi controlled as 
earlier described. Valves 7 and 9 are closed and valve 8 is open. 

An optional method for keeping the dew point of the injection gas below sea 
temperature during operation, is to mix the hydrocarbon gas extracted from the 
compressor outlet or an intermediate stage with a fraction of gas from 10, sufficient to 
keep the dew point below sea water temperature. Hence the valve 70 can be eliminated, 
and also the cooler 60 and the scmbber 80. 

Figure 3 is another embodiment of the invention as disclosed in Figure 1, where the first 
compartment essentially has been subdivided mto a fiuther compartment, the 
compressor is still in a first compartment while a third compartment, now defined by the 
shaft seal 15, holds a magnetic bearing 12, which is also being subjected to injection gas 
atpi. 

As has been described above, the motor and compressor may be coimected via one or 
more shafts 13 (e.g. a single shaft or coupled shafts). Both the motor 1 and compressor 
2 are equipped with magnetic bearings 12. In the case of a coupled shaft, six bearings 
are necessary, i.e. one thrust bearing and two radial bearings for each unit. With a single 
shaft, or a stiff coupling between the shaft of the motor and the shaft of the compressor, 
three bearings are sufficient, i.e. one thrust bearing and two radial bearings for the 
whole compressor module. 

The shaft seal 14 divides the pressiure housing 3 into two compartments: 

(i) a first compartment enclosing the compressor 2, and 

(ii) a second compartment comprising the motor 1 and (optionally) a coupling housing. 
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The compressor module may also be equipped with a compressor shaft seal 15 at the 
shaft end opposite to the motor side, thus forming a third compartment. 

The magnetic bearings of the compressor 2 may be placed in the first compartment if 
they are of the canned type, in which case compartment three is superfluous, or if it is 
judged favourable to have them in a dry atmosphere, they are placed in compartments 
two and three. 

The second (and optionally the third) compartment is pressurized by a gas at pi, in order 
to prevent ingress of hydrocarbon gases from the first compartment. The gas pressurized 
at pi may be an inert gas from the reservoir 10 or (e.g.) a dried hydrocarbon gas 
extracted from the compressor outlet or an intermediate stage, heat exchanged against a 
cooling medium (e.g. seawater) in the heat exchanger 60 and chocked prior to entering 
the scrubber 80, in accordance with the equipment and process described in Norwegian 
patent application 20015199. Optionally the gas pressurised at pi may be a mix of both 
gases as described above. 

In operation, the compressor 2 generates a suction pressure (ps) and a discharge pressure 
(pd). Discharge pressures typically he in the region pd = 70 bar to 150 bar, and the 
suction pressure typically in the region 40 bar to 140 bar. 

In operation, valves 7 and 9 are open, while valve 8 is closed off, and pd > Ps. In order to 
prevent gas ingress into the second (and optional the third) compartment, the second 
compartment pressure must exceed the suction pressure, i.e.: pi > ps. 

This is achieved by the pressure and volume regulator 4, sensing ps through line 5 and 
adjusting pi accordingly. 

At shutdown and inactive situations, valves 7 and 9 are closed off, while valve 8 is 
open. In certain transient states, pd < ps. Hence, the regulator 4 must adjust the inert gas 
pressure such that pi > ps or pi > pd, whichever is the higher, in such cases the pressure 
inside the whole module 3 (first, second and (optionally) third compartment) will be 
equal (pi), which prevents leakages of wet gas from the natural gas lines 1 1 upstream 
and downstream of the compressor into the module. 
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When the compressor module is installed in a compressor station according to 
Norwegian Patent Application 20034055, the protection of the compressor motor and 
magnetic bearings (second and (optionally) third compartment) against condensed 
water and hydrocarbons can be significantly simpUfied, In this case there is in principle 
no need for injection of inert or dry hydrocarbon gas when the compressor is in 
operation, because the atmosphere in the compressor module and antisurge recycle line 
will be completely dry dxiring operation. Injection is therefore only needed when the 
compressor is shut down and inactive. However, as a safeguard against condensation, a 
small injection flow of (e.g. extraneous) gas is continously supplied during operation. 
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